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Abstract of the Disclosur 



; A ■icrostructure-bearing composite plastic 
article can be superior/ both in microstructure and in 
Physical properties, when it is a composite of a tough, 
flexible substrate, at a surface of which is X " 
■icrostructure formed of a cured oligomeric resin having 
hard segments and soft segments, which cured resin is 



substantially confined to the mi c restructure portion of 
10 th * C0 "P°«it«. Such a composite plastic article can b 
; made by depositing an uncured oligomeric resin composition 
onto a -aster negative molding surface in an amount barely 
sufficient to fill the cavities of the master, : filling the 
cavities by moving a bead of the composition between a 
15 8ub *trate a hd the master, and curing the deposited 

composition by ultraviolet radiation while keeping th 

typical use temperature of the finished composite 
plastic article. 
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H I CROS TRUCTURE - B EAR I NG COMPOSITE 
PLASTIC ARTICLES AMD METHOD OP MAKING 



Cross Reference to Related Application 

This is a continuation-in-part of copending 
application Serial No. 309,415 filed Peb. 10, 1989. 

Background of the Invention 
Pield of ths Invntion 

The invention concerns plastic articles, the 
surfaces of which bear microstructure, such as 
retroref lective cube-corner sheeting, Presnel lenses, 
total internal reflecting films, intermeshable articles, 
information carrying discs, and the like. The invention 
also concerns an improved method of making such plastic 
articles. 

Description of the Related Art 

U.S. Patent No. 3,689, 346 (Rowland) teaches a 
process for the continuous replication of ret roref lectiv 
cube-corner sheeting by depositing a crosslinkable, 
partially polymerised resin on a master negative molding 
surface and employing actinic light or heat to solidify 
the resin, thus replicating the surface. The resins used 
typically exhibit relatively high levels of shrinkage up n 
solidifying or curing, thus giving rise to optical 
imperfections in the cube-corner microstructure. 

The Abstract of U.S. Patent No. 4,576,850 
(Martens) says: "An article comprising crosslinked 
polymer with hard and soft segments or moieties having a 
microstructur -b aring surface is prepar d by a process 
comprising filling a mold mast r , bearing or ncod d with 
microstructure to b replicated, with a fluid, castable. 
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on -part, pr f rably s lv nt-fr ', radiati n 
additt n-p lym risabl ,. crosslinkable, organic oligomeric 
composition (or precursors th r of) having 'hard' saga nts. 
and 'soft' segments, exposing the resulting cast 
compositions to radiation, preferably actinic radiation 
such as ultraviolet radiation, and thereby forming said 
articles, e.g. , a retroref lective cube-corner sheeting, 
rresnel lens or video disc . w In addition to the hard ( "H» ) 
and soft (" S "■) segments, the composition preferably 
includes one or more "E" precursors "containing a 
radiation sensitive addit ion-polymer ixable, functional 
group such as acrylyl / methacrylyl , allyl or vic-epoxy 
group" (col . 4, Is. 63-66). The composition may also 
contain diluting monomers which "are 
addition-polymer i sable monomers, vis . , ethyenically 
15 unsaturated monomers and vic-epoxy reactive diluents. Th 

diluting monomers contribute to the 'H' , ' S ' or ' E' 
^ c on t en to f^ t her olli ^jioia t rHi c™ ""co »po ffl t i on " 7~fcoT7~ 3"6" ^ t ^ ^ 
10-12) . The composition may include an ' 
addition-polyaerixation catalyst, preferably a ; \ 
photopolymeri rati on catalyst at about 0.25 to 1.0% of the 
. ■■ oligomer ic composition. 

Almost every example of the Martens patent tests 
I the ability of the oligomer ic composition to replicate a 
diffraction grating master or a video disc master (Exampl 
25 22) > both of which have f ine microstructure. The 
* exceptions are Example 20, which reports .the replication J 
of cube corners 0.128 mm in depth, and Example 21 /which 
reports the replication of a rresnel lens, both of which 
have relatively, large micros true cures, i .e. , several ; 
magnitudes greater than that of the diffraction grating. 
Because a curable resin composition shrinks when cured, it 
can be more difficult to replicate with precision 
relatively large microstructures like those of Martens' 
Examples 20 and 21, as compared to th fin 
35 microstructures of th mast rs us d in oth r xamples. 



-2- 



10 



15 



^> 2009718 

In Exaapl 20 f Martens, a platan pr as at 70 - C 
f. rc d th curabl aixtur into th cub c rn r 
depr asi ns, and tha thicknaaa o£ tha cured oligoaeric 
reain was 0.25 aa, twice the 0.128 aa depth of the 
5 ■icroatructure. In Example 21, the oligoaeric reain 

coaposition was applied at tha thickneaa aubatantially in 
exceae of the depth of the rreanel lena eleaents in order 
to result in a self-supporting Preanel lena after the 
polyester sheet waa stripped off. 

U.S. Patent No. 4,374,077 (Kerfeld) specifically 
concerns inforaation carrying discs such aa laser readable 
video discs which, as noted above, have a fine 
alcrostructure. Kerfeld teaches that theae di ace "can be 
deposited between a staaper and a substrate to which the 
polyaerised aaaa ia to adhere. The photopolyaeri sable 
aaaa ia deposited by moving a bead or wave of the 
photopolyaeriiable liquid between a flexible aubatrate or 
flexible staaper and the correaponding optical diac 
staaper or substrate so as to fill the pattern in the 
ataaper and then irradiating the photopolyaerizable aaaa, 
through either the ataaper or the substrate... The 
advanceaent of the bead of liquid by the aubatrate being 
rolled out over the aastar ha a been found to reaove 
substantially all of the air in the aold; The leading 
edge of the bead tenda to pick up and carry the air 
without re-depoaiting it in progreaaive featurea of the 
aaatar becauae the air bubbles rupture, releasing the 
gss.... As long as the substrate or aaatar ia able to 
bend aufficiently to enable the foraation of a bead and 
propagation of that bead as the bend-point is aoved 
forward, the aubatrate or aaatar is sufficiently flexible" 
(col. 2. lines 3-68). Substratoa used in the Kerfeld 
exaaples are flexible filas of polyester, poly(vinyl 
chloride), and poly(a thyl a thacrylat ) 
35 u - s - p «t nt N .4,414,316 (c nlay ) cone rns 

plaatic articles, th surfaces of which r plicate 
r lativ ly larg aicrost ructur s such as rr snel 1 ns s. 
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in Exampl s 1 and 3; a p lyester film is coat d with a 
Wrcurable resin' that it pressed against a 1 nticular ; 
pattern and cur ad by directing ultraviolet radiation / 
through the polyester film while the resin is in contact 
with the molding surface, rig. 2 shows that in tha 
resulting products, tha thickness of tha layer 12 of cur d 
oligomeric resin is large compared to tha depth of the 
_l r anticular_for«ations-13-._ Tha^UV-curable-rasin-praf arably- 
is an acrylate u re thane polyester oligomer . See also U.S. 
Patent 4,420,502 (Conley) . 

Summary o f the Invent 1 on 
The present invention concerns a composite 
plastic article having at least one microstructured 
surface containing a plurality of utilitarian ^ ^ . ; 
discontinuities ranging in depth from at least 0.025 mm t 
aa great. as about 0.5 mm. The compoalte plastic article 



of the invention is believed to be superior in flexibility 
and toughness to any replicated thermoplastic article now 
on the market that has relatively larga microstructure 
(i.e. , at least 0.025 mm) . The composite plastic article 
is believed to be superior in replication fidelity to 
radiation-cured articles described in the above-cited 
prior art. - ' '•' > : ;[..-' 

As used herein, thai term utilitarian means that 
the discontinuities provide a positive contribution to th 
functioning of the article. Optically utilitarian 
discontinuities provide a positive contribution to the 
function of an optical device .Representative examples of 
devices having optically utilitarian discontinuities 
include, but are not limited to, cube-corner reflective 
sheeting, refractive or diffractive Presnel lenses, and 
films bearing a series of parallel linear prisms with 
planar facets. 

The compos it plastic article of th invent! n 
is characterized by a tough, flexible substrate, on face 
of which b ars microstructure fa depth of at least 0.025 
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■a, the aicrostructura comprising a £1 xible cur d 

ligoaeric resin having hard sagaants and aoft sagaants, 
which cured oligoaaric r sin is substantially c nfintd to 
the aicrostructura portion of the coaposita. By "tough, 
flaxibla" is aaant that tha substrata has a tensile 
strangth of at least approximately 1500 MPa and can be 
bant to a radius of 3 cm or lass without breaking. Tha 
curad oligoaaric rasin (sometimes also referred to herein 
at tha polyaarisad rasin) typically has a tharaal 
•xpansion coafficiant (TEC) that is froa 1.33 to 6 tiaas 
graatar than tha TEC of tha flaxibla substrata (soaatiaas 
•lso rafarrad to harain as tha praforasd substrata). 

Usaful oligoaaric rasin coapositions which cura 
to a flaxibla stata includa, but ara not liaitad to, 
acrylata, apoxy or urathana basad aatarials, but 
prafarably thay ara acrylata basad aatariala. As usad 
harain "acrylata" ancoapassas aathacrylata . By a 
"flaxibla stata" is aaant that a fila of tha curad 
oligoaaric rasin 0.25 aa in thicknass can ba bant to a 
radius of 3 cac. lass without braaking. 

Tha invantion also concarns a aathod for asking 
tha noval aicrostructura-baaring coaposita plastic 
articla. That aathod includa. tha following stapst 

a) praparing a ona-part, solvant-f raa, 

25 radiation-polyacrixabla, crosslinkable, organic 

oligoaaric rasin coaposition having hard 
sagaants and soft sagaants, 

b) dapositing tha oligoaaric rasin coaposition onto 
a aastar nagativa aicrostructura aolding surfaca 
in an aaount baraly sufficiant to fill tha 
cavitias of tha aastar, 

c) filling tha cavitias by Boving a baad of tha 
composition between a praforaad substrata and 
tha aastar, at least one of which is fl xibl , 
as taught in the K rfald patant, and 

d) irradiating tha dap sited coap sit ion t provid 
a coBposit f said substrat and polyaarisad 
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olig aerie r »in/ and wh n th« th«r«al xpansi n 
coefficient (TEC) of the substrata and the 
polyaerised resin are hot approxiaately equal, 
limiting tha teap* ratiire during curing to not 
■ore than 30 - C above the typical use teaperature 
of tha finished coaposi te plastic article. 
As used herein, the typical use teaperature of 
the— f^ inished coaposi rta~pla8Mc~«rticla-aaans~tha siaady : 



state operating teaperature attained during noraal use of 
.-the"; finished coaposi te. 

As taught in the Martens patentV the oligoaeric 
resin coaposition of step a) can be a one-part, 
solvent-free, radiation addition-polyaerisable, 
c roaslinkabl a , organic oli goae ric coaposi t i on having ha rd 
segaents and soft segaents plus a photoinitiator at f roa 
about 0 .1 to 0 . 5% by Weight of the resin coaposition . • Th 
hard segaents preferably are polyurethane and the matt 
segaents preferably are polyester. 

The viscosity of the reactive oligoaeric resin 
coaposition aa deposited in step b) should be within the 
range of about 1 , 000 to 5, 000 cps . Above that range , ai r 
bubbles aight be entrapped, and the resin aight not ^, 
coapletely fill the cavities of the aaster. If an atteapt 
were aade to obtain a viscosity below that range , the 
overall equivalent weight (weight per nuabef of reactive ; 
groups) of the oligoaeric /resin typically would be ao low 
that the resin would experience shrinkage upon curing to 
such an extent that the cured oligoaeric resin would not 
faithfully replicate the aaster aolding surface. 
Preferably, the viscosity of the resin is f roa 2,000 to 
3,000 cps. Within that preferred range, tha oligoaeric 
resin coaposition should coapletely fill the cavities 
without any need to apply aora than hand pressure. 
Howev r, when th cavities are unusually d ep and/or 
narrow, it aay b desirabl to reduce th viscosity below 
about 2,000 cps, becaus soa shrinkag is to b preferr d 
over any failure t fill th cavities coapletely. 
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In order to achim the desired viscosity, it 
usually is n ctnary to include a raactiyt sonos r in th 
ligoaeric r sin coaposition. When the olig ■ ric resin 
coaposition is acrylate-based, the reactive aonoaer uy b 
an ethylenically unsaturated aonoaer such as an alkyl 
acrylate or other examples revealed in ths Kartens patent. 
The relative aaounts of oligomer and aonoaar should be 
controlled so that tha overall equivalent weight of the 
coaposition is not so low that there is unacceptably high 
shrinkage upon curing. 

In atep b) , sufficient pressure should be 
applied to squeese out excess resin so that the resin 
thickness above tha cavities is lass than about 20% of the 
depth of the cavities, preferably no greater than about 
101. By aaintaining a ainiaua resin thickness/ the heat 
rise during curing can be kept to a ainiaua. Khan the 
aaount of the oligoaeric resin coaposition remaining after 
•tep b) has been substantially aore than sufficient to 
fill the cavities (e.g., covers the cavities by aore than 
20% of their depth), the resulting composite plastic 
articles have not faithfully replicated the aaster molding 
surface. Furthermore, larger aaounts of the oligoaeric 
resin coaposition would be uneconoaical since the 
oligoaeric resin typically is auch aore expensive than the 
substrate aaterial. 

Polycarbonate fila is a preferred substrate for 
use in step c), being econoaical, optically clear, and 
having good tensile strength, when its thickness is from 
about 0.1 to 1.2 aa, it has sufficient strength and 
flexibility to permit it to aove a bead of the oligoaeric 
coaposition across a rigid aaster negative molding 
surface. ■ 

In addition to polycarbonate, useful substrates 
for the aicrost rue ture-bea ring composite plastic articles 
of the invention include llul se acetat butyrate, 
cellulose acetate propi nate, poly (ether sulfone), 
poly(aethyl aethacrylat ), polyure thane, polyest r, 
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P ly(yinylchl rid ), glass, a tal. and pap r . The eur face 

f any such substrat s aay £ irst b tr at d t pr aota 
adhesi n to th llgoa rie rssln. 

During step d), haat froa tha curing source and 
heat of reaction can cause the teaperature of tha 
oligoaaric rssln coaposition, substrata and aaster to 
risa prior to coaplation of tha cura. Whan tha curad 
oligoaerlc rasin and substrata of tha coaposita plastic 

^articla~ara-raabva^ cool" t " 

aablant taaparatura, thay shrink to an axtant dapandant on 
thai r raspactiva TtCs. Whan thara is a taaparatura risa 
during stap d) and the TECs of tha substrata and curad 
oligoaaric rasin ars > equal, syaaetrlcal shrinkage should 
occur, thus preserving replication fidelity. When the 
TECs of the cured oligoaaric rasin and substrata are 
dlssiailar, a syaaetric shrinkage of the coaposite occurs 
upon cooling. Asyaaetric shrinkage can produce distortion 

_P_f _the; aicrostructurad pattern and poor -reproduction ~ 7 r- 
fidelity. While soae distortion and poor reproduction 
fidelity can be tolerated in aeehanical application*, ! thay 
are less tolerable when the coaposl te plastic article has 
optically utilitarian discontinuities. 

Unfortunately, it is currently iapractical to 
obtain a perfect TEC aatch when aaking an optically useful 
coaposite of the invention. Substrates known to be ; ' 
optically uaeful are glaaay , theraoplastic polyaara having 
a T f above rooa taaparatura and a TEC of about 0.1 - 
1x10* * aa/aa/«C (reported) or about 0 . 3 - 1> 5 x 10" * 
aa/aa/«C (experiaen tally deterained) . 

Radiation-polyaerisable oligoaerlc resins which cure to a 
flexible state and are known to be useful in producing 
optical coapoai tea of the invention have (when 
polyaerised) at least one T f below rooa taaparatura and a 
TEC (experimentally deterained) of about 2-3 x 10"' 
aa/aa/*C. TEC was xp riaentally d terain d according to 
A3TH D 696 aodified t utilise 3aa wid by 9-13 aa long 
saapl strips of aateri 1 having a thickness f 0.05 to 
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0.5 mm. A Perkln-Ela r TMA Th ra ■ chanical Analyser w s 
uaed t uk th TEC m aaur a nts. It was operat d in th 
extension soda over a temperature range of 20 to 60*C in a 
programmable air bath. Tha differences in reported and 
^ experimentally determined TEC valuaa are wall known to 
those skilled in tha art and can be eorralatad with 
variations in degree of orientation of tha saaple, 
crystallinity in the saaple and daviatlona froa tha 
machine or cross-machine directions which occur whan tha 

10 "■ pl * ls cut fro " • fil«. Tha difference in TEC between 
tha subst rata and polymerised resin would causa distort! n 
of tha aierostructure and deterioration of tha optical 
performance of the compoait a unless care were taken to 
minimise tha taaparatura rise of tha process. 

15 Th * t# " p#ratur# in «t«P d) Is not aora than 30», prefer- 
ably not more than 10 # C, above the normal uaa taaparatura 
of a finished optically useful composite article of the 
invention. In most applications thia corresponds to a 
■axiaua temperature during curing of 50*C. 

2Q Whan tha oligoaarlc raain coapoaition ia poly- 

■• rl ** d bv "distion, tha taaparatura can be controlled in 
any of a nuabar of waya, e.g., by passing tha radiation 
through a haat filter, by cooling tha air adjacent tha 
curing resin, by cooling the mold with a suitable heat 

25 • xcnan ?* ■•diua, by cooling tha oligoaarlc reaih coapoai- 
tion before application to the mold, by controlling tha 
intanalty of radiation, and whan eaploying actinic 
radiation, by restricting tha amount of photoinitiator. 

Mhan eaploying actinic radiation, tha aaount of 

30 tnt Photoinitiator prafarably is no aora than 0.5% by 

weight of tha raain coapoaition. On tha other hand, whan 
tha aaount of the photoinitiator is less than 0.1% by 
weight of the resin composition, the polymerization aight 
pr ce d at an uneconoaically si w rat . Ifhen th actinic 
radiati n is ultravi 1 t, pr f rred ph toinitiat re 
include derivatives f ac tophenone, auch aa the 
commercially available coapounda 1-hydr xycyclohexyl 
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•c tphmn ("Irg.cur " 184, a iolid availabl froa 
:Ciba-C Igy), and 2-hydr xy-2-a thyl propioph n n 
roarocur- U73, : . liquid av.il.bl. fro. EM Indu.tri.*) . 

Th. int.naity of r.di.tion should be .elect d 
•uch th.t it co«pi.t.ly cues th. oligoaeric re.ln 
coaposi tion at an econoalcally rapid rate of production, 
when the depth pf/.thf :«icro.tructur^ is close to 0.025 aa 
tt-usuaWy-Jra-p^bri-to co.plet. the curing within aboui 
one aecond while keeping the teaperature of the oligoa ric 
re.in co.po.it ion below 50*C. Greater depth, of the 
■icro.tructure require longer tine, of exposure in order 
to keep the temperature desirably low, e.g. , about 10 
seconds for a depth of about 0.5 aa. 

Mh#n controlling the teaper.ture of the proc • 
by cooling the oligoaeric resin coaposi tion, its 
viscosity rises and can becoae too high for easy d.liv ry 
^to_the aaster. Wien the teaperature 
surface is lowered, such as by placing the aaster in 
contact with a cooled heat exchange fluid, the adhesion of 
the polyaerised resin usually increases and aay becoa too 
high to .How clean removal froa the aaster, especially 
when the .old i. aetal. Better release is obtained froa . 
theraoplastic aaet.r that has a surface energy below 33 
dynes/ca. v''/*; 7, 'X: ""• ; , ■ ';,•'./.. 

A preferred aaster for use in the above-outlin d 
-thod of the invention is . sheet of theraoplastic resin 
that i. .table to the curing conditions and has been 
eabossed by a a.tallic aaster tool such as nickel-plat d 
copper or braas. Such a theraopla.tic aaster is 
relatively inexpensive and yet can be used to fora a few 
thousand co.po.it. plastic articles of the invention 
before becoaing unduly worn. 

When the theraoplastic aaster is aade froa a 
radiation-transparent th ra plastic .at rial, th reactiv 
35 oli 90««ric resin can b cur d by being irradi.t d through 
the aast r. By using . radiation-transpor nt aaster, 
substrates for th coapo ite plastic articl s of th 
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present inv ntl n can be opaqu , .g., have a refl.ctiv 
■ tallic or oth r coaling or decorative imprinting r b 
impregnated with a pigment or dye. The substrates can 
have any thickne... A thermoplastic master can have 
•efficient body and flexibility to per.it it to move a 
bead of the oligomeric composition across the sub.trat , 
which accordingly can be rigid. 

When the master is Bade from a 
radiation-transparent thermoplastic resin such as a 
polyolefin, it i. possible to prepare composite pla.tic 
article, bearing microstructure. on both aurface. of the 
substrate. 

By being made of thermoplastic resin, the mast r 
can have a low-energy surface that affords good rale... 
from a cured oligo.eric resin. Good release is assured 
when there is a significant difference in surface energy 
between the surfaces of the master and the cured 

oligomeric resin, the latter , typically being about 40-41 
dynes/cm. Because the surface energy of each of 
polypropylene and polyethylene is about 30-31 dynes/cm, 
these afford easy separation of the cured oligomeric 
resin. However, when polypropylene is corona treated, its 
•urfac. energy increases to about 44 dyne. /cm, thu. making 
it 1... .ui table for use in a molding master but a good 
candidate for the substrate of a hovel 
■icrostructure-bearing composite plastic article 
Poly(vinylchloride) and cellulose acetate butyr.te, both 
of which are about 39-42 dyne. /cm in aurface energy al.o 
provide good bonding with the cured .icrostructure but 
could not be used as the master molding surface without a 
release agent. Polyolefin, are more transparent to and 
•table towards ultraviolet radiation than are 
poly(vinylchloride) and cellulose acetate butyrate. 

A particularly preferrd mat rial for use in a 
mast r is a laminate f poly thyl h ~and polypr pyl n 
which has bin mboss d with the polye thyl n lay r in 
contact with th » tallic master tool at a t »p ratur 
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. aboy the s ftening point of th poly thylene and b low 
that f the polypr pyl ne. Th p lypropyl ne lay r f th 
laminate affords th str ngth and flexibility n d d to 
-permit it to move a bead of the oligomeric composition 
across a rigid master negative molding surface, and the 
polyethylene layer provides the low T and melt 

te " P * ratur * t0 f «cAlitate replication of the original 
'.. .• ■ • master' tool.'- -. ■'. ; > 

' v . ^ The composite plastic article of the invention 
can bear a linear prism microstructure to be a total 
internal reflecting film ( TIRP ) . A preferred TIRP has a 
polycarbonate substrate about 0.1 to 0 . 25 mm in thickness 
and a micros tructure from 0.05 to 0.2 mm in depth. Such a 
TIRP can be rolled up to form a light pipe 2 to 3 cm in 
diameter without crazing or breaking, in comparison/ 
prior art TIRP made of polycarbonate film, one surface of 
which has a linear prism microstructure, cannot be rolled 
-to^ less-than -about-^ 7^ 5 ~cmln~dirameter~ wi thout cra^ing "br7~" 
breaking. Preferred microstfucture for light pipes has 
been described in SPIE Proceedings, Vol. 692, p. 235 

(1986). ■ \V;^^ : v., v ^ ; ^..v.---^ ■ ^-;iv v: . .\ v ;\:' ' 'J-':.. 

Plastic articles of the invention include 
cube-corner re troref lector s,Presnel lenses, and other 
lenticular microstructures . 
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T-Teat Value . v /: ; 
The optical quality of a TIRP can be evaluated 
with apparatus including a laser (Spectra-Physics Inc. 
Model 117A) wi t h a spa t i a 1 f i 1 1 e r , be am expander, and a 
collimator. Two diaphragms or i rises are placed 18 and 
38 cm from the laser, and an annular sample holder with, an 
opening 6.35 cm in diameter is placed 84 cm from ti r 
laser. Directly behind the sample holder is an 
integrating sphere (with a 1-cm diameter aperture) and a 
"Labsph r " ML-400 radiom t r. Using the diaphragms or 
irises, th las r is focus d through th aperture to 
obtain a cl an circl of light of about 3 mm diam t r on a 
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black surfac mount d on th sample hold r. A sourc 
int nsity m asur m nt of 100% is tak n with no sampl in 
plac . Th TIRF to be tested is then mounted on the 
sample holder with its flat surface facing the laser and 
its grooves extending vertically. Unless otherwise 
reported, T-Test Values are measured at ambient 
temperature. Readings are then made at from 12 to 15 
different points on the TIRF within a 5-cm diameter area 
while making sure that none of the light strikes the fram 
of the sample holder. The readings are averaged and 
multiplied by 100 to give percent transmission which is 
the T-Test Value of the TIRF sample. A T-Test Value of 5% 
or l«ss indicates that the TIRF is substantially totally 
internally reflecting. 

Interferometry Fringe Curvature Test ( Curve Value ) 
An individual groove face of a TIRF can be 
studied by reflectance interferometry in a microscope, 
with a monochromatic light source. By proper adjustment 
of the interferometer, the field of view shows a number of 
evenly spaced alternating dark and bright bands ( fringes ) 
aligned nominally perpendicular to the groove direction. 
The repeating distance between dark bands corresponds to 
one half of the wavelength of the light source. If the 
groove face is perfectly flat, the fringes will be 
straight lines. If the groove face is not flat, e.g., du 
to distortion of the replication layer, the fringes will 
be curved. From a photograph of the interferogram, the 
amount of curvature can be measured and compared to the 
inter-fringe spacing. The curvature can then be express d 
as a number of wavelengths of deviation from straight 
(i.e., "Curve Value"). The Curve Value corresponds 
directly with the number of wavelengths of deviation from 
flatness of th groove face. 
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>!'■? ■ The Drawing • , • ■. ' 

The invention may b mot easily und rsto d in 
r * f r , nc to th drawing, the single figure of which it a 
schematic isometric illustration of a method of producing 
microstructure-bearing composite plastic articles of the 
'invention.. ■■: r ^\'/:.i- ' : [ 

In ^ the drawing, a TIRr master 10, with its 
grooves 14 facing upwardly, is laid on a flat table 12. 
^beadjof-uy^cufable res ilTXTils deposited across one edg 
18 of the grooves 14 in an amount barely sufficient to 
fill the grooves completely . A clamp 20 is fastened along 
one edge of a flexible, transparent, plastic film 22, and 
the opposite edge 24 of the plastic film is laid onto th 
bead of resin to extend slightly beyond said one edge 18 
of the grooves. A hard rubber roller 26 is brought into 
contact with said opposite edge 24 of the plastic film 22 
and rolled across the plastic film, thus advancing the 
bead^of_resin. 1* to^f ill -the grooves -14™-Then after th ~ 
UV-curable resin has been cured by being exposed to 
ultraviolet radiation through the! plastic film 22, the 
clamp 20 is lifted to peel the resulting 
microstructure-bearing^ composite plastic article from th 
master 10, thus enabling the master to be reused. v - 

25 Detailed Description T - 7 ~ 

in the examples, all parts are given by weight. 
'■' Example 1 -' .*, 

A liquid uv-curableoligomeric resin composition 
having a vi scosi ty of 1500 cps was prepared by blendi ng 
together. J ' ' . ' '• • ^ : - : -v- 
Reactants Parts 

Acrylate-capped polycaprolactone urethane 

oligomer ca ■% 

N-vinyl pyrrolidone * ? 1 

J (2-ethoxy)-2-ethoxyJethyl acrylate 11*3 
1,6-hexan diol diacrylate 5*7 _ 

35 N-(isobutoxy methyl )acrylamide 111 
Tertiary amin raixtur ("Tinuvin" 292) 10 
1-hydroxycycloh xyl acet phenone o*25 
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The acrylate-capped polycaprolacton urethane ligomer had 
be n prepared as d scrib d in Examples 1-6 of tha Mart ns 
patant axcapt that 0.75 mole of polycaprolactone triol 
("Niax" PCP-310) was employed in addition to tha 1.5 mol a 
of tha diol, and 2-hydroxyethyl acrylate was employed 
instead of the methacrylata. 

Used a » « master negative molding surface was a 
laminate of polyethylene (0.375 mm) and polypropylene (1.0 
«■).. the polyethylene surface of which had been embossed 
by a nickel-platad copper master tool to have a total 
internal reflecting pattern of linear prisms 0.175 mm deep 
and 0.35 mm peak-to-peak. 

As illustrated in the drawing, liquid 
UV-curable oligomaric resin composition was poured along 
one edge of the molding surfaca and overlaid with a 
polycarbonate film 0.25 mm in thickness. Then using a 
rubber roller, excess oligomeric resin composition was 
squeesed out, leaving about 0.025 mm overlying the peaks 
of the prisms. This was irradiated through the 
polycitbOMtt^ .substrata fusing 3 'pass«t'''und«r a 
medium-pressure mercury lamp of 350-380 mm, 200 watts per 
linear inch (82 watts par linear cm) of arc (UVEXS model 
LCU 750 UV processor) 4 cm from the surface of the 
deposited oligomeric resin composition, thus providing a 
2s total exposure of about 5 aeconda which corresponds to a 
dosage range of from about 200 to 400 mj/cm'. 

The reaulting microstructure-bearing composite 
TlRr was peeled from the master molding surfaca and had a 
T-Test Value of 3.5%. It was used to make a light pipe by 
rolling two pieces and inserting them in abutting relation 
into a rectangular enclosure 4.4 cm on each side and 
approximately 63 cm in length. Three sides of the 
anclosure ware pigmented poly(methyl methacrylata) resin, 
and th fourth sid was a polycarbonat diffusing film. 
At one nd of the enclosur was a mirror and at the" other 
end was a small collimat d light source. Appr ximately 
9.5 cm of th diffusing film ext nding from th nd of the 



-15- 



■ , • r y: :;' ' .2009718 ' 

nclosure supporting th light s urce wer c v r d with 
black tap to all w light intensity aeasurea hts to b 
taken along the remainder of the diffusing film. Light 
■•tar readings, which are reported in Table A, Were taken 
* fc 2 ' 5 c " intervals along the length of the di f fusing f i la 
5 beginning at a distance of 35.1 ca f roa the light source; 
Test Point 11 was 60.5 ca f roa the light source or 2.5 ca 
i^__rf roa_the_ai rro r.^The-hi gh-yalues^at— Test— Potnt-9 and 10--n 
. are attributed to the two pieces being abutted against 
each other between Test Points 9 and 10. Table A • 
10 »«««»ri»«» initial test data as well as data obtained 
; approximately 30 days after the TIRP was prepared. 
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Test:'.:; 

point '■ - .:■•=;- ■ 


Light-meter 
Initial 


Readings 
30 bay 


v ; ; ..i7~.'' 


216 


217 : - ' 


.".'■2V ' 


-.206 ." 


204 


3 v.;;- .. 


204 - >/: - 


197 


v 4 ■■ 


'196.;:, 


196 




193 ':'•: 


198 


6 


■ 194 V - 


199 




200 


■7 '7 205 


a -N-rv.'. ' - 


': : .V-. -210 " ■ :: :-.'--:' 


215 




• ■: v :: 245 : - - 


258 '" 


" 10 


243 -: --:t:y 


250 


■■ '■ '■11^ '"* .: 


'":;••., 191 -7 


198 



For purposes of comparison, a- 
■icrostructure-bearing plastic article was Bade to be 
identical to tha t of Example . 1 except that the peak s of ,■ 
tn * aoldin 9 surface were allowed to be cove red by ; 

0.075 aa of the oligoaeric resin coapositioh. Its T-Test 
Value was 6.8%; thus showing the iaportance of restricting 
the deposited oligoaeric resin coapositioh to an amount 
barely sufficient to fill the cavities of the master 
molding surfac . ' ■< 

Ex Ample 2 

A liquid UV curable olig mer r sin composition 
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having a viscosity of 1720 cps was pr par d by blending 
■tog ther: - 

R actants parts 

Oligomer of Example l 70 8 

Isooctyl acrylate 22 9 

1,6-hexanediol diacrylate 6 0 

1-hydroxycyclohexyl ace tophe none o!25 

This oligoaeric resin coaposition was usad as in Exaapl 1 
to make a coaposita TIRP plastic article except that the 
polyolefin aaster had a pattern of linear prisas 0.088 aa 
deep and 0.175 a peak-to-peak, and the thickness of the 
polycarbonate substrate fila was 0.125 am. The resultant 
coaposite TIRf showed a T-Test Value of 3.7%. . 



■ Example 3 

The saae UV-cur able oligoaeric resin coapositron 
and polyolefin aaster of Example 2 were employed to form a 
composite TIRP plastic article except that the transpar nt 
substrate fila was 0.25-aa polyethersulfone. The 
resultant coaposita TIRP showed no sign of distortion 
after being heated at 177»C for one hour. For comparison, 
the composite TIRP of Example 2 distorted when heated in 
the same way.- 

Example 4 

The UV-cur able oligomeric resin composition and 
polyolefin master of Example 2 were employed to form a 
composite TIRP plastic article except that the subs t rat 
was kraft paper (0.2 mm thick), one face of which had an 
aluainuB vapor-deposited coating which was laid against 
the UV-curable resin. The resin was then cured by being 
irradiated through the polyolefin aaster. The resultant 
composite TIRP had good integrity and was easily removed 
from the master. 



35 
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This xampl shows how an opaque subs t rat can 
b positioned inn diat ly behind transpar nt 
•/ microstructure by a sispl , economical proc dur . 

Example 5 

y : . ^; ■ ■;. The polyethylene "face, of a sheet of ' •//;'•/••.''". • 

polyethylene/polypropylene (0,375 mm/1.0 mm) was heat 
embossed from a nickel-plated copper master tool to 
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provide a negative molding surface having a Presnel 
pattern depth ranging from 0.025 mm to 0.125 mm. Using 
the UV-curable oligomeric resin composition of Example 2 
and a polycarbonate substrate film ( 0 .25 mm) , a composite 
plastic Presnel lens was produced by the procedure of 
"Example. 1. : : / ■ ■ ■ : < } . 

Example ; 6* , V";. . . v /J\'}»: 
The UV- curable oligomeric resin composition and 
polydl e f i n ma iter" W Bxamp a sT i h Ex a mp 1 €2 

to produce a composite TIRF plastic article/ the flat side 
of which was then used as a substrate for forming a second 
TIRF surface using the same resin and the same master, 
followed by ultraviolet irradiation through the master, 
the resulting composite plastic article had identical 
microstructure at both faces of the polycarbonate film 
(0.25 mm) , with the linear grooves at one surface 
extending orthogonally to those at the other surface; 

• ; Example 7 • O 

A liquid UV-curable oligomeric resin composition 
having a viscosity of 2400 cps was prepared by blending 

"together:: '■ •' r ^■/••'i ,N " ' 

Reactants ; Parts \ 

Acrylate-capped urethane oligomer 78.1 

containing 20% propoxylat d neopentyl 
35 glycol diacrylate ( "Photom r" 6827, 

from Henk 1 Corp. ) 
Isooctyl acrylat 21.6 
1-hydroxycycl hexyl ac t phenon 0.25 



25 



30 



-18- 



O ■ 2009718 

Using th mast r nd procedure f Exampl 1, • c up tit 
TIRP plastic articl was produced having a T-Test Value £ 

• 2.71. 

5 Examples 8 - 13 

A liquid UV- cur able oligomeric resin compos! ti n 
was prepared by blending the following materials together* 
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Reactants •■ parts 

Folyether urethane acrylate oligomer 75 
("Bbecryl" 4826, available from Radcure 
Specialties, Inc.) 
Neopentylglycol propoxylate diacrylate 25 

("Photomer" 4127) 
2-Hydroxy-2-methyl propiophenone 0.5 



This oligomeric resin composition was used as in Example 1 
to make composite TIRP plastic articles except using a 
metal master mold having the same dimensions as the master 
mold of Example 1, the substrate was a 0.0175-mm biaxially 
oriented poly (ethylene terephthalate) film, and the 
oligomeric composition was cured by irradiating through 
the substrate rather than the master mold. Curing was 
effected by a UV irradiation dosage of 400 mJ/cm 3 and the 
excess resin (as a percentage of the pattern depth) was as 
25 indicated in Table B. The effect of temperature during 
curing was monitored by placing the uncured TIRP 
sandwiches on 0.64 cm thick aluminum plates and 
equilibrating the assemblies at the temperatures indicated 
in Table B prior to curing. The temperature of the 
30 assembly was also monitored as it exited the UV processing 
unit. The resulting microstructure-bearing composite TIRP 
plastic article with its substrate intact was peeled away 
from the master molding surface, and the replication 
fidelity was determined by the T-Test Value and the 
35 Interferometry Pring Curvature Test, .thej results. of which 
ar called "Curve value" in the following tables. 
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15 



Excess 
■ Resin 
Thickness 



8 

9 
10 
11 
12 
13 



28% 

14-28% 
\__ 21% 
14% 
21% 
14% 



Initial 
Teap. . 

CO 



0 
0 

35_ 
35 
70 
70 



Exit 
Teap. 

<*C) 



13 
14 
38- 
44 
67 
70 



initial Initial 
T-Test Curve 
Value(%) Value 



2.24 
2.58 

JL..OJL 
2.55 
5.48 
5.33 



0.28 
0.13 
0. 86 
1.35 
1.52 
1.82 



The composites of Examples 8 - 13 were then aged 
at 70*C, and the T-Test and inter ferome try test Cor "Curv 
Value" repeated after 240 and 480 hours aging. Results of 
these tests are reported in Table C. ' 

■ ''• v v; ■; Table C ' ,' : .V 







240 hr 


240 hr 


480 hr ':■ 


480 hr 






T-Test 


Curve 


T-Test 


Curve 




Example 


Value(%) 


Value 


Value(%> 


Value 


20 




1.71 


0.15 


2.10 


0.12 






2.13 


0.10 


2.43 


0.08 




.■".no 


2 .99 , 


0.86 


3 . 59 


0.83 




J : n 


2.52 


1.04 


3.41 . 


1.05 • 




12 : 


4.88 


1.52 


6.31 


1.75 






4.85 


1.50 


6.36 


1.83 


25^ ; ^:.^'. : - : ; : .o ; ; 


The data 


in Tables 


B and C 


demonstrate 


that TIRr 



30 



articles cured at higher temperatures show higher T-Test 
Values and higher Curve Values, indicative of inferior 
reproduction fidelity. \\.-\'\ 

Examples 14 ■ 19 . ; 
A liquid UV-curable oligomeric resin compositi n 
was prepared by blending the following materials together: 



35 
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R actanta p art , 

P lytthtr ur th«n acrylat lig a t 

(-Ebecryl* 4826) 
P lytsttr ur than acrylat* ligoa r 

CPh t a r» 6019) 
Naopentylglycol propoxylate diacrylate 15 

CPhotoaer" 4127) 
2-Hyd r oxy-2-ae thyl propiophenone 0.5 

The procedure of Bxaaples 8-13 was followed to produc 
alcroatructura-baaring coapoaita TIRP plastic articlaa 
which vara aubjactad to fidality ta.ting as raportad in 
Tabla D. 



Tabla D 



Bxaapla 



Bxcaaa 
: Raain 
Thlcknass 




Exit 
Taap. 

(*C) 



Initial 
T-Taat . 
Valu«(%) 



initial 
Curv 
Valu 



14 


70% 


1 


15 


126% 


0 


16 


98% 


35 


17 


126% 


36 


18 


56% 


70 


19 


84% 


69 



16 
13 
45 
45 

72 
70 



2.03 
1.83 
3.01 
2.68 
5.16 
4.75 



0.08 
0.83 
1.10 
1.14 
1.94 
2.39 



Tha coapoaitaa p£ Bxaapla a 14 - 19 vera than 
agad at 70»C, and T-Taat Valua and interferoaetry 
aaaauraaanta rapaatad aftar 240 and 480 houra aging. 
Raaulta of theae taata. are raportad in Tabla B. 

' Tabla E 



Bxaapla 
14 

15 ■ 

16 

17 

18 

19 



240 hr 
T-Taat 
Value(l) 

3.02 
2.77 
3.91 
3.77 
5.99 
5.47 



240 hr 


480 hr 


480 hr 


Curve 


T-Teat 


Curve 


Value 


Value(%) 


Value 


0.96 


4.14 


1.03 


1.01 


3.74 


0.9 


2.35 


5.05 


1.76 


1.99 


5.18 


1.55 


2.59 


7.05 


2.22 


2.66 


7.10 


3.27 
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r iparii n f th data in Tablee D and E with 
th data in Tabl s B and c r veale that v r a rang £ 
fr a ab ut 14% t ab ut 130% xc ae reain, curing th; 

lig atric r tin c apositi n at high r taaparatur a 
resulted in infarior replication fidelity. It ehould leo 
be no tad that T-Teet Values and Curve Valuas for the 
samples of Examples 14-19, which were prepared with 
substantially adre than 20% excess resin, were higher than 
the valuta for the samples of Bxaaplea 8-13 which were 



10 



pr epa r ed wi t h a i gni ficantly 1< 



i in. 
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20 



v Bxaaple 20 
The TIRP samples of Bxaaplaa 8, 10 and 12 aft r 
480 hours aging were separately mounted in the T-Teat 
apparatua, and the T-Teat Value of each waa measured as 
the fila waa alternately heated to about 90*C and allow d 
to cool . At each change in temperature the T-Teat Value 
waa recorded after it had a tabi 1 i sad ,. A coaae rc lally 

available acrylic TIRP article (Scotch* Optical Lighting 
Film, Prod. #2300, available from 3H) waa also evaluat d 
under similar conditions . Results are reported in Tabl 



Table P 



25 



30 



Bxaaple 



10 
12 

Commercial 
TIRP 



Initial 
: T-Teat 



T 
3.65 

0.98 



Hot 
T-Teat 

1.95 
4.23 

1.26 



Cool. 
T-Teat 

3.62 
7.26 

1.00 



Reheated 
T-Teat 

Valued) 
5.05 
1.84 
4.03 

1.30 



Re coo led 
T-Teat 

valu (%) 

3.62 
7.15 

1.00 



The data in Table P indicate that the TiRP 
articles; of Bxaaplaa 8,10, and 12 experience a decreaa in 
the T-Teat Value as the films are heated, indicative of 

35 r,li f ln a fila »■ ita teaperature approachea the 
teaperatur at which ita r activ ligoaeric reain 
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coapositi n was cured. This b havi r stands in contrast 
to th com rcially available TIRP articl which shows a 
high r T-T«st Valua as it is hsatad. 

■ Exaaple 21 

A liquid UV-curable oligoaeric resin composition 
was prepared by blending the indicated materials togsth r: 
Reactants Parts 

Polyether urathana acrylate oligoaar 40 

("Ebecryl" 4826) 
Polyastar urathana acrylata oligoaar 40 
("Photoaer" 6008) 

Neopentylglycol propoxylate diacrylate 20 

("Photoaer" 4127) 
2-Hydroxy-2-aathyl propiophenohe 0.5 

The oligoaeric resin composition at 65>70*C was 
deposited on a rotating aatal cylindrical aold that had a 
0.178 aa daap TIRP pattern arranged with tha grooves 
running circuaf erentially. As the cylinder rotated, a 
polycarbonate substrata was pressed against tha rasin by a 
hard rubber roller under a pressure sufficient to leave 
approxiaately 0.25-aa of excess resin above the TIRP 
pattern. Rotation of the cylinder carried the uncured 
coaposite past a bank of medium pressure ultraviolet 
lamps, exposing the uncured oligoaeric resin composition 
to a UV dose of 400 - 600 aJ/ca a to produce a continuous 
25 TIRP article. The temperature of the cylindrical aatal 
aold was controlled at various temperatures with 
circulated heat exchange oil to adjust the cure 
temperature. T-Test Values for TIRP articles cured at th 
various temperatures are reported in Table G. 
30' • • ' ■ ' ' ' ' ' ' 
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Table G \ 

Curt °] T-T st 

Temperature (*C) Value 



This example demonst rates that lower cure 



temperatures in a continuous process improve replication 
10 fidelity in a manner similar to that observed in batch 

processes. • .;-••--••':>'-;.' v.' : 

Example 22 ■ ' . 

The TIRr article of Example 21 that had been 
IS cured at 65 # C was formed into tubes of approximately 50 cm 
length and two different diameters, and the light 
transport of the tubes determined/ The procedure used to 
— d 



25 



20 *) determining the light source intensity with the 

integrating sphere/radiometer apparatus 
described above in the procedure for T-Test 
Value (except that the aperture was about 9 cm) 
without the sample tube in place/ 

b) placing the sample tube in a rigid acrylic tube 
fitted with a light source at one end of the 
tube and the integrating sphere/radiometer 
apparatus at the opposite end of the tube, and 

c) determining the intensity of the light V 
transmitted through the tube. 

Based on the intensity measurements, a transport factor, 
35 which is defined as: 

Transport Factor - -tub 1 ngth in diameters 



30 



- tub 1 ngth in diameters 
TO x log (transp rt/source) 
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was calculat d f r the sampl tubes. Sampl tub s 
fabricated fr a th afor m nti n d commercially available 
acrylic based TIRF article (tee Example 20) were alto 
evaluated in this test for comparative purposes. The data 
for the TIRF article of Example 21 as well as the 
commercially available TIRf article are reported in Tabl 



Table H 



-„ lu< , m , _ Transport 
*t«. Sf , d *f Source Measured Factor 
tirf Dla.(cm) intensity Transport Dlam./Decib 1 

Commercial 7.0 1.007 0.859 10 53 

Commercial 4,8 0.933 0.677 ,7 ill 

5 1*2 1.005 0.820 8.23 

BX 21 4 - 8 0.949 0.739 9.62 

These data indicate that, at a diameter of 7 cm, 
the conventional acrylic based TIRF article has superior 
optical properties, but, surprisingly, at a diameter of 
4.8 cm, the TIRF article of Example 21 has superior 
optical properties. 

* Example 23 
•Ebecryl- 4826, a liquid polyether urethane 
acrylate oligomer composition, was used as in Example It 
■ake a composite TIRF article except that the master mold 
was metal and had a 0.089 mm deep TIRF pattern, and a 
biaxially oriented poly( ethylene terephthalate) film 
substrate ( 0.178 mm thick ) was used as the substrate . Th 
oligomeric resin composition was cured with electron beam 
radiation by exposing the uncured composite to 3 megarads 
of radiation at 300 kv from an electron beam apparatus 
lEnergy Sciences, Inc.). After the resulting composite 
plastic article was removed from the master mold, its 
T-Teat Value was determined to be 3.9%. 



• ;.r'.-.. : -\' '/••••..■/.; : \ ••' - Exaapl • 21 - 25 . ' - >V. 

A liquid UV-curabls ligoaaric rasin coaposition 
was pr parad by bltnding th follwoig aatarials togathar: 

Raactanta ... Part* 

* Acrylata-cappad polycaprolactona urathana V 

■: : vV"V' oligoaar of Exaapla 1 .. 60 ■ . .-, \ 

Butyl carbaaoyloxyathyl acrylata 20 
N-tisobutoxy nethyl) acrylaaide 16.5 
\ : 2-Hydroxy-2-aathyl propiophanona 0.5 

This oligoaaric rasin composition was usad to f ; V 
prapara coapoaita^^T using th* procadura of 

Exaapla 21 on a polycarbonats substrata (with an 
axpariaantaliy datarainad TEC of, 1 .1 x 10" 4 aa/aa/ # C, 
^ Exaapla 24) and on a poly ( a thy 1 ana taraphthalata ) (PET ) V 

substrata (having an axpariaantaliy datarainad TEC of 0.4 
x 10~ V aa/aa> # C, Exaapla 25) .Tha taaparatura of tha haat 
axchanga fluid waaaalntainad at 65*C throughout t h a 
praparation of tha TIRF articlaa. Optical parforaanca of 
tha rasulting TIRP articlas was than avaluatad as a 
function of taaparatura as praviously dascribad in Exaapla 
20, with tha! T-Tast valuta for tha two articlaa rapor tad 
■ in Tabla I. , ; : ■ /. "''-"> V'- ; /'* : -X:V ; " / . ' / : 

: ' V.: V* : .Vv'-'^/^';; : ' ; Tabla I ■-;■>•' 'i 

^ ; 25 ■ y'-r' ' \ . . ; . : •■ ^ , . . - , / , /.y- \" ; \ ; < >. , \ /.:'-''; 

INITIAL HOT COOL REHEATED RECOOLED / 

•/ ' ■ ■ T-TE8T ' ' T— TEST" T-TEST . . T-TEST T-TEST '• 

EXAMPLE VALUE(%) VALUE ( % ) VALUE(%) VALUE(I) VALUE(%) > 

. V-;-; 3.22 / 1.25 ^ 3.47 1.35 3.55 

4.55 1.60 ■ 4.55 

Tha data in Tab 1 a I i nd i cat a s that tha TIRF 
articla of Exaapla 24, which had a saallar di f faranca 
batwaan tha TEC of tha curad ollgoaaric raain coapoai tion 
35 and tha polyca rbonata aubstrata, had lowar T-Taat valutt 
at both aabiant conditions and at an alavatad taap raturt 
than tha TIRF articla of Exaapla 25. Thia data sh ws that 
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optical prop rti s of TIRF articl s can be improved if th 
diff renc b tw en the TEC s of th substrate and the 
cur d oligom ric r sin compositions ar minimiz d. It 
should also be noted that the difference between T-Test 
5 v «lu«s for the two samples was smaller at elevated 

temperatures than it was at ambient temperatures, furth r 
showing that both samples are approaching a similar 
unstressed configuration, and hence similar optical 
properties, at elevated temperatures. 
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^ , \ ' : The embodiments of the invention in which an exclusive 

; - , property or pr iv ile^e. is claimed are defined, as follows : 

1. Method of producing a composite plastic 
article that has an utilitarian microstructure > which 
^ 0.025 mm in depth, said method 

V; '■ comprising the • steps of.: ■ ^ ; ••' ;- : : : .. -. 

Preparing a one-part, solvent-f ree, 
radiation-polymeri z ab 1 e , crosslinkable, organic oiigomeric 
re8in composition haying hard segments and soft segments , 

"v ;; b } d «Posit ing tha t pi i gome r i c resi n compos i t i on 
onto a Mster negative microstructure molding surface in 
an amount barely sufficient to fill the cavities of the 
master, ■< .' V/V,-. ,■*•■.'. : /■ ; V : .'■ r ; : 

c) filling the cavities by moving a bead of th 
oiigomeric resin composition between a preformed substrat , 
and the master, at least one of which is flexible, and \ 
• ; d) irradiating the deposited composition to 'V 

provide a composi te of said subs t rate and polymer lied ^ ; 
oiigomeric resin, and when the thermal expansion 
coefficient of the substrate and polymerized resin are not 
approximately equal, •limiting the temperature during ^ 
curing to not more than 30°C above the typical use ^'V'^ 
.temperature of the finished composite plastic article. 

Vs'-'^'-''''^ in claim 1 wherein the 

viscosity of the resin composition in step a) is from ! / 

'•• .v 1 , 000 to '5 , 000 cps . v '"vV; ■ -/ • ■■ \ ' : - ' .; ■' "'. .:. ' \ : ';' f '•<. - -'. . . . 
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. 3. Method as defined in claim 1 wherein the ; 
curing in step d) is by actinic radiation, and ; ; 

photoinitiator is included in the resin composition. 

4. Method as defined in claim 3 wherein the 
amount of photoinitiator is from 0.1 to 0.5% by weight of 
th r sin composition. - ; . , 
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5. m thod as d fin d in claim 1 wher in th 
curing in step d) is by 1 ctron beam irradiation. 

6. Method as defined in claim 1 wherein 
pressure is applied in step c) such that the deposited 
oligomeric resin composition does not protrude beyond said 
cavities to more than 20% of the height of the cavities. 

7. Method as defined in claim 6 wherein the 
temperature of the oligomeric resin is not allowed to ris 
above 50-C during step d) . 

8. Method as defined in claim 1 wherein the 
substrate is a tough, flexible polycarbonate film. 

9. Method as defined in claim 1 wherein said 
utilitarian microstructure comprises optically utilitarian 
discontinuities in the surface of said polymerised 
oligomeric resin. 

10. Method as defined in claim 9 wherein the 
temperature during curing is not more than ,10 *C above the 
typical use temperature of the finished composite plastic 
article. 

11. Method as defined in claim 9 wherein the 
microstructure makes the composite plastic article a total 
internal reflecting film. 

12. A composite plastic article comprising a 
tough, flexible substrate, one face of which bears 
microstructure of utilitarian discontinuities, which 
microstructure has a depth of at least 0.025 mm and 
comprises a cured oligomeric resin having hard segments 
and soft segm nts, the cured r sin being substantially 
confined to th microstructure portion of th composit . 



-1) "'It 



'^'^^-'■•■^ 13. A composit plastic article as d fined in 

:7 claim 12 wher in th total d pth of the cur d. r sin is not 

mor than 20% greater than the d pth of the 

microstructure. /:.■ ^ 

-y' 5 ;/^ 14 • A composite plastic article as defined in ; r 

claim 12 wherein the substrate comprises a tough, 
flexible , transparent , the raoplas ti c film. 
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.15. A composite plastic article as defined in 
claim 14, the substrate of which is a flexible 
polycarbonate film. 

-16. A composite plastic article as defined in : 
claim 14 wherein said microstructure makes the composite 
plastic article a total internal reflecting film. 

--^--l;T'v A ..compos ite plastic- a r tic le as- def ined-in ™- - - r - 
claim 16 and formed into a light pipe having a diameter of 
less than 7.5 ; 'cm. ^' -Vr: •'■ 

18. A composi te -.plastic article as def ined in 
claim 12 wherein said utilitarian discontinuities compris 
optically utilitarian discontinuities. : 

.■ 19 . A composite plastic article as defined in 

claim 12 wherein each surface of said flexible substrate 
bears microstructure of said utilitarian discontinuities. 

\ • .\ .20 . A master tool having a negative molding 
surface of discontinuities to be replicated by a curable 
resin composition, said surface being provided by a 
thermoplastic resin which has a surface energy no greater 
than 33 dynes/cm to permit the cured resin to be released 
from the negativ molding surface. 
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"21. A mast r tool as d fin d in claim 20 wh r in 
said thermoplastic r sin is a polyol fin. 



22. A master tool as defined in claim 21 wher in 
said thermoplastic resin comprises a composite of 
polypropylene and polyethylene , the latter being at the 
molding surface. 

23. A master tool as defined in claim 20 wher in 
said negative molding surface of discontinuities is 
adapted to provide optically utilitarian discontinuities 
upon replication by said curable resin composition. 

24. Method as defined in claim 1 wherein the 
experimentally, determined thermal expansion coefficient f 
said polymerised resin is in the range of 1.33 to 6 tim s 
the experimentally determined thermal expansion 
coefficient of said preformed substrate. 

25. Method as defined in claim 24 wherein said 
preformed substrate has an experimentally determined 
thermal expansion coefficient in the range of 0.3 x 

10" 4 mm/mm/ «C to 1.5 x 10" 4 mm/mm/»C and said polymerised 
resin has an experimentally determined thermal expansion 
coefficient in the range of from 2 x 10~ 4 mm/mm/°C to 3 x 
10" 4 mm/mm/ 0 C. 

26. Method as defined in claim 25 wherein said 
preformed substrate has a T above room temperature and 
said polymerized resin has at least one T below room 
temperature . 

27. A composite plastic article according to 
claim 12 wherein said cured oligomeric resin has an 
experimentally d t rained thermal xpansiori co fficient 
that is from 1.33 to 6 times greater than the 
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xp rim ntally d t rmih d thermal xpansion co ffici rit of 
said flexibl substrat ■. • 

28. A composite article according to claim 27 
wherein the experimentally determined thermal expansion 
coe t£i c 1 en 1 °' sai d cured o 11 gome ric r es i n is i n the range 
of 0.3 x 10" 4 ma/mm/°C to 1.5 x 10" 4 mm/mm/ B C and said cured 
oligomer ic resin has an experimentally determined thermal 
expansion coefficient in the range of 2 x 10" * mm/mm/ 8 C t 

3 x 10" * mm/mm/Vc. ' 

29. A composite article according to claim 28 
wherein said cured oligomeric resin has at least one f 
below, room temperature and said flexible substrate has a 
T ? above room temperature. 
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